Clove oil (active substance eugenol) is an anaesthetic used in aquaculture for stress prevention and prevention of mechanical damage during veterinary procedures. The aim of this study was to determine the acute toxicity of clove oil in two aquarium fish species -zebrafish (Danio rerio) and guppy (Poecilia reticulata), which are considered the most commonly used model organisms in toxicity testing. The semi-static method according to OECD no. 203 (Fish, acute toxicity test) was used for testing the toxicity of clove oil for juvenile fish. A series of 5 acute toxicity tests was performed, with 10 fish of both species used for each concentration and for the control. The results obtained (number of dead individuals at particular test concentrations) were subjected to a probit analysis using the EKO-TOX 5.2 program in order to determine 96hLC50 clove oil values. The significance of the difference between 96hLC50 values in D. rerio and P. reticulata was tested using the Mann-Whitney non-parametric test. The 96hLC50 mean value for clove oil was 18.2 ± 5.52 mg·l -1 in juvenile D. rerio and 21.7 ± 0.8 mg·l -1 in P. reticulata. In spite of variability in clove oil composition, acute toxicity values of clove oil for juvenile stages of both fish species were comparable. The results did not show different sensitivities to clove oil in tested fish species. This is the first similar study in these fish species.
concentration of clove oil for short-term fish anaesthesia is 30-40 mg·l -1 (Velíšek et al. 2005a) .
In our study, we focused on the acute toxicity of clove oil on two aquarium fish species (Danio rerio and Poecilia reticulata) that are recommended as model organisms for toxicity tests in the Organisation for Economic Co-operation and Development Test Guideline 203 (Hrovat et al. 2009 ). We subsequently compared the sensitivity of these two fish species to identify possible species-specific tolerance to clove oil. The next aim of our study was to compare our results with other authors' findings to prove to which extent the toxicity of clove oil differs in different fish and possibly to warn the users against risks that could arise from species-specific reaction to such anaesthetic.
Materials and Methods
Clove oil for preparing test solutions was obtained from the company Kulich (Jan Kulich, Hradec Králové/ Říčany, Czech Republic).
Acute toxicity tests followed the OECD 203 Guideline for the Testing of Chemicals (Fish, Acute Toxicity Test) using the semi-static condition with solution replacement after 24 h to ensure a stable concentration of clove oil in the tested solutions.
Juvenile zebrafish (D. rerio) (age 2 months, length 30 ± 5 mm, weight 0.3 ± 0.1 g) and juvenile guppies (P. reticulata) (age 2 months, length 25 ± 5 mm, weight 0.3 ± 0.1 g) were obtained from a stable local commercial dealer. A total number of 260 fish of each species were used. All fish were kept in glass tanks for a minimum of 7 days as an acclimatization period (water temperature 23 ± 1 °C, with a 12 h/12 h light/dark cycle) during which they were fed commercial fish pellets. Food was withheld for 24 h preceding the start of the test. Experimental procedures were in compliance with the national legislation (Act no. 246/1992 Coll. on the protection of animals against cruelty, as amended, and Decree no. 207/2004 Coll. on the protection, breeding and use of experimental animals).
A series of five tests separately for each fish species were performed. Five ascending concentrations of the tested substance (10, 15, 20, 25 , and 30 mg·l -1 for both P. reticulata and for D. rerio) were prepared in 5 l tanks by dissolution of clove oil in dilution water of the following quality: ANC 4.5 1.0-1.2 mmol·l . Concurrently, the control test with dilution water only was performed. Ten fish of each species from the spare stock were randomly placed into tanks with each concentration of clove oil and control tanks with dilution water. The total length of the acute toxicity tests was 96 h, and the fish were controlled daily. Records of the temperature, pH, and the concentration of oxygen dissolved in the test tanks were noted during the tests. No fish died in the control tanks during the whole experiment.
Medium lethal concentrations (96h LC50) were calculated from the number of fish dying at individual test concentrations over a time period of 96 h by applying the probit analysis in the software EKO-TOX 5.2. The significance of the difference between LC50 values for zebrafish and guppies was calculated using the nonparametric Mann-Whitney test and Unistat 5.1 software.
Results
At the determination of LC50 of clove oil in 96 h, the temperature of the experimental bath was 24 ± 1 °C, the dissolved oxygen concentrations did not drop below 60% (80-94%), and the pH was between 7.64 and 8.33.
Based on the results of acute toxicity tests on juvenile D. rerio, the lethal concentrations in 96 h varied from 12.1 mg·l -1 to 26.2 mg·l -1 (mean ± SD: 18.2 ± 5.52 mg·l -1 ), whereas in juvenile P. reticulata the lethal concentrations varied from 20.8 mg·l -1 to 22.8 mg·l -1 (mean ± SD: 21.7 ± 0.8 mg·l -1 ). Particular lethal concentrations of clove oil with confidence intervals for each lethal concentration and with mean and standard deviation for zebrafish are shown in Table 1 and for guppy in Table 2 .
No significant difference between LC50 values for D. rerio and P. reticulata was found when applying the non-parametric Mann-Whitney test.
Discussion
The determination of clove oil acute toxicity is important not only for its usage in fish anaesthesia and the appropriate treatment concentration of clove oil for anaesthetic baths, but also for possible contamination of the water environment by such anaesthetic (Velíšek et al. 2005a) .
In our study we tested the acute toxic effects of clove oil on two aquarium fish species D. rerio (the mean 96hLC 50 was 18.2 ± 5.52 mg·l -1 ) and P. reticulata (the mean 96hLC 50 was 21.7 ± 0.8 mg·l -1 ). Grush et al. (2004) studied the anaesthetic effects and acute toxicity of clove oil in one-monthold zebrafish. The 96hLC50 obtained in this study was 21 mg·l -1 , which is comparable to our results, obtained in both aquarium fish species. A comparable sensitivity to clove oil was reported by Velíšek et al. (2005b) in common carp (Cyprinus carpio) with an 96hLC50 value of 18.1 mg·l -1 and in European catfish (Silurus glanis L.) with an 96hLC50 value of 18.4 mg·l -1 ). On the other hand, a lower lethal concentration 96hLC50 of 14.1 mg·l -1 was reported in rainbow trout (Oncorhynchus mykkis) by the same author (Velíšek et al. 2005a ). Keene et al. (1998) obtained a similar result in rainbow trout considering that the estimated 96hLC50 for eugenol (active form of clove oil) was found to be approximately 10 mg·l -1 . According to these findings, rainbow trout showed the highest sensitivity to clove oil, which corresponds with the commonly known fact that salmonids are more sensitive to environmental pollutants than other fish species. Zebrafish, carp, catfish and guppy showed comparable tolerance to acute toxicity of clove oil.
One of the criteria that proper anaesthetic in fish should meet is its safety at treatment concentrations (Marking and Meyer 1985) . The recommended treatment concentrations vary according to fish species, fish size, exposure time, bath quality and temperature. Roubach et al. (2005) found that exposure of tambaqui (Colossoma macropomum) to 65 mg·l -1 of eugenol was sufficient to induce an anaesthetic state, and recovery time was similar for dosages up to 100 mg·l -1 . Exposure to 65 mg·l -1 for up to 30 min did not cause fish mortality. There was no mortality in tambaqui at doses of 135 mg·l -1 (exposure duration was not reported).
The rainbow trout is the most sensitive fish species, with LC50 values for clove oil of 81.1 mg·l -1 for 10 min (Velíšek et al. 2005a) or 65 mg·l -1 for an exposure time of 30 min (Keene et al. 1998 ). Taylor and Roberts (1999) determined the median lethal concentration for 10-min exposure for rainbow trout at 250 mg·l -1
, which means about 3 × higher than the result obtained by Velíšek et al. (2005a) . Comparable values were reported by the same authors for chinook salmon (Oncorhynchus tshawytscha) at 62 mg·l . Acute toxicity values of clove oil expressed as 10minLC50 were 74.3 mg·l -1 for carp (Velíšek et al. 2005b ) and 76.70 mg·l -1 for the European catfish ). Perdikaris et al. (2010) evaluated the size-relative effectiveness of clove oil for rainbow trout and goldfish (Carassius auratus). Rainbow trout exhibited a more rapid induction time compared to goldfish. A size-relative difference in induction time was observed in goldfish (the larger the fish, the more time needed for induction). Cunha and Rosa (2006) compared induction and recovery times of seven tropical fish species in different concentrations of clove oil. They proved species-specific dependent variation in induction and recovery times. The interspecies differences in anaesthetic sensitivity are connected to the heterogeneous metabolism of individual fish species and to differences in environmental test conditions (Mácová et al. 2008 ). Another possibility for the different LC50 values stated by different authors is the variability of the clove oil composition used. However, Taylor and Roberts (1999) , who tested the effectiveness (time to loss of equilibrium and immobilization) of clove oil from different sources, did not prove a difference in dependence on the tested clove oil.
In summary, clove oil has been proven by many authors to be an efficient anaesthetic for a variety of fish. However, it is important to carry out the sensibility test before each use of this anaesthetic to prevent possible fish damage during anaesthesia bath and to recognize possible differences in fish sensitivity.
